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The rare earth element patterns of the gneisses of Bastar and Bundelkhand are marked by LREE
enrichment and HREE depletion with or without Eu anomaly. The spidergram patterns for the
gneisses are characterized by marked enrichment in LILE with negative anomalies for Ba, P and
Ti. The geochemical characteristics exhibited by the gneisses are generally interpreted as melts
generated by partial melting of a subducting slab. The style of subduction was flat subduction,
which was most common in the Archean. The rare earth patterns and the multi-element diagrams
with marked enrichment in LILE and negative anomalies for Ba, P and Ti of the granitoids of both
the cratons indicate interaction between slab derived melts and the mantle wedge. The subduction
angle was high in the Proterozoic. Considering the age of emplacement of the gneisses and granitoids
that differs by ∼ 1Ga, it can be assumed that these are linked to two independent subduction
events: one during Archaean (flat subduction) that generated the precursor melts for the gneisses
and the other during the Proterozoic (high angle subduction) that produced the melts for the
granitoids. The high values of Mg #, Ni, Cr, Sr and low values of SiO2 in the granitoids of Bastar and
Bundelkhand cratons compared to the gneisses of both the cratons indicate melt-mantle interaction
in the generation of the granitoids. The low values of Mg#, Ni, Cr, Sr and high values of SiO2 in
the gneisses in turn overrules such melt-mantle interaction.
1. Introduction
The formation and growth of continental crust
have evolved through geologic time in response
to gradual planetary cooling (Kro¨ner 1985).
The abundant tonalite-trondhjemite-granodiorite
(TTG) suite of rocks during Archaean and its near
absence during Phanerozoic is a manifestation of
this evolution. The role of slab melts (whether in
interaction with the mantle wedge or not) is quite
significant in this evolution (Martin 1986, 1993).
In this paper we report the geochemical data of
gneisses and granitoids from Bastar and Bundelk-
hand craton (together called central Indian Shield)
and look for evidences to discern the geodynamic
evolution and crustal growth of the central Indian
Shield from Archaean to Proterozoic.
The available radiometric data (table 1) on
Bastar (after Sarkar A et al 1990; Sarkar G et al
1990; 1993) and Bundelkhand (after Sarkar et al
1984; Mondal et al 2002) cratons reveal that the
various events of felsic magmatism within the cen-
tral Indian Shield are extended from mid-Archaean
to Paleoproterozoic. All these events of felsic mag-
matism from both the cratons are grouped into two
categories:
• mid-late Archaean magmatism: This episode
represents the Archaean felsic magmatism
within the central Indian Shield that provided
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Table 1. Geochronological data of Bastar and Bundelkhand cratons, central Indian shield.
Description of samples
S. No. and area Age (Ma) Techniques used Reference
Bastar Craton
1. Orthogneiss, southern 3018± 61 Pb-Pb data Sarkar A et al 1990
Bastar
2. Trondhjemitic gneiss, 3509 + 14/− 7 U-Pb zircon data Sarkar G et al 1993
Markampara
3. Granite, Markampara 2480± 3 U-Pb zircon data Sarkar G et al 1993
Bundelkhand Craton
1. Gneiss, Mahoba 3270± 3 Ion microprobe Mondal et al 2002
Pb-Pb zircon data
2. Gneiss, Kuraicha 3297± 8 Ion microprobe Mondal et al 2002
Pb-Pb zircon data
3. Gneiss, Babina 2697± 3 Ion microprobe Mondal et al 2002
Pb-Pb zircon data
4. Gneiss, Karera 2563± 6 Ion microprobe Mondal et al 2002
Pb-Pb zircon data
5. Hornblende Granitoid, 2516± 4 Ion microprobe Mondal et al 2002
Jakhaura Pb-Pb zircon data
6. Biotite Granitoid, Datia 2516± 5 Ion microprobe Mondal et al 2002
Pb-Pb zircon data
7. Leucogranitoid, Lalitpur 2492± 10 Ion microprobe Mondal et al 2002
Pb-Pb zircon data
the precursor melts for Bastar granodioritic
gneisses and Bundelkhand TTG like gneisses.
• Late Archaean to Paleo-Proterozoic: This
episode represents the Proterozoic felsic mag-
matism within the central Indian Shield, which
produced the various granitoid plutons within
Bundelkhand and Bastar cratons.
2. Sampling and analytical techniques
In this study we have synthesized a total of thirty
samples (eighteen granitoids and twelve gneisses)
from both the cratons. Out of which eleven (four
gneisses and seven granitoids) samples from Bastar
craton were analyzed on WD-XRF (Simens SRS
3000) at Wadia Institute of Himalayan Geology
(WIHG), Dehra-Dun for major and trace elements
and on ICP MS (Perkin Elmer Sciex ELAN DRC-
II) at National Geophysical Laboratory (NGRI),
Hyderabad for trace elements including rare earth
elements. The precision of XRF major oxide data
is better than 1.5% and that of the trace element
data is better than 12%. Details of the analytical
techniques, precision and accuracy of the machine
are described by Saini et al (1998). The precision
of the ICP MS rare earth element data is better
than 5%. Details of the analytical techniques, accu-
racy and precision of the instrument is described by
Balaram et al (1996). Data on rest of the samples
were taken from Sarkar G et al (1993), Sharma and
Rahman (1995) and Mondal (1995, 2001). Whole
rock major and trace element data of granitoids
and gneisses are presented in tables 2 and 3.
3. Geological setting
Older supracrustals, gneisses, granitoids and mafic
dykes are the common litho-units that constitute
the overall geology of Bastar and Bundelkhand
cratons. In addition Bastar craton has a con-
siderable thickness of unmetamorphosed younger
supracrustals, which are contained within two large
(Chattisgarh and Indravati) and six small Protero-
zoic rift related basins. Records of such younger
supracrustals are missing within Bundelkhand cra-
ton possibly due to a deeper level of erosion or non-
development of protracted rifting leading to the
formation of basins during the Proterozoic. How-
ever there are thick sequences of metamorphosed
and unmetamorphosed sedimentary sequences that
are contained within Gwalior and Bijawar basins
at the periphery towards north and south of
Bundelkhand craton, respectively (Basu 1986).
Bastar craton is located within 17.5◦N–23.5◦N
latitude and 77.8◦E–84.1◦E longitude and covers
an area of approximately 2, 15, 000 km2 (figure 1).
Gneisses of granitic composition are the most
prominent and ubiquitous rock types of the craton
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Table 2. Whole rock geochemical analyses for the granitoids of Bastar and Bundelkhand cratons.
Bastar granitoids
Major element Sample no.
(wt.%) RB 9 RB 11 RB 20 DK 21 DK 23 JT 31 BSP 101
SiO2 72.45 75.58 72.75 65.59 73.46 71.25 70.61
TiO2 0.17 0.08 0.23 0.40 0.11 0.36 0.13
Al2O3 13.97 12.5 12.94 12.5 13.37 15.30 15.91
Fe2O
(T)
3 1.82 1.58 2.48 4.21 1.78 2.55 1.71
MnO 0.02 0.01 0.03 0.14 0.03 0.02 0.02
MgO 0.34 0.31 0.49 1.41 0.38 0.55 0.22
CaO 1.47 0.65 3.6 5.98 0.72 0.84 2.20
Na2O 4.18 3.21 4.17 3.02 3.67 2.28 3.80
K2O 4.01 5.43 1.95 3.99 4.98 3.38 6.80
P2O5 0.05 0.01 0.07 0.38 0.03 0.01 0.01
LOI 1.02 0.37 1.06 1.53 1.32 1.97 0.03
Total 99.5 99.73 99.77 99.15 99.85 98.51 101.44
Mg# 19.63 20.42 20.53 30.35 21.82 22 14.47
Trace elements in ppm
Cu 16 4 2 11 17 14 2
Ni 10 16 10 54 18 44 6
Co nd 69 3 57 nd nd 2
Sc 1 18 5 7 2 4 11
Zn 25 34 37 83 23 46 26
Ga 19 17 16 16 19 20 18
Pb 45 112 16 25 38 34 59
Cr 295 93 350 45 352 600 195
Th 11 72 16 16 60 43 86
Rb 124 348 44 117 284 183 263
U 6 22 1.5 3 13 8 8
Sr 269 47 410 813 86 239 271
Y 6 94 23 35 30 30 64
Zr 158 497 313 337 124 383 477
Nb 6 23 8 33 23 18 18
Ba 1216 79 732 570 259 1009 399
V nd 2.5 18 nd nd nd 23
Hf nd nd nd nd nd nd nd
Ta nd nd nd nd nd nd nd
La nd 47.8 52.5 63.2 nd nd 64
Ce nd 110 109.2 172 nd nd 145
Pr nd 13.8 13.3 26 nd nd 18
Nd nd 41.7 40.2 88 nd nd 54
Sm nd 8.5 6.2 12.6 nd nd 10
Eu nd 2.1 1.2 2.2 nd nd 0.6
Gd nd 7.1 4.5 8.9 nd nd 7.8
Tb nd 1.6 0.7 1.3 nd nd 1.6
Dy nd 9.1 3.2 5.3 nd nd 8.3
Ho nd 1.8 0.6 0.9 nd nd 1.6
Er nd 6.3 1.9 2.9 nd nd 4.8
Tm nd 1.1 0.3 0.4 nd nd 0.8
Yb nd 7.5 2 2.9 nd nd 5
Lu nd 1.2 0.3 0.5 nd nd 0.8
702 M F Hussain, M E A Mondal and T Ahmad
Table 2. (Continued)
Bundelkhand Granitoids (data are after Mondal 1995)
Major element Sample no.
(wt.%) 41 C 46 115 121 126 219 244 38 A
SiO2 59.46 48.99 58.01 49.03 54.98 51.54 62.05 71.01
TiO2 0.73 1.24 1.25 0.91 0.52 0.52 0.57 0.37
Al2O3 15.91 17.12 18.26 17.45 12.75 14.91 16.56 13.79
Fe2O
(T)
3 6.51 9.53 7.18 8.86 8.05 10.95 5.59 2.59
MnO 0.11 0.14 0.15 0.13 0.16 0.17 0.08 0.04
MgO 4.28 6.08 2.3 7.2 6.99 6.93 2.96 0.45
CaO 4.79 9.20 7.36 8.3 7.47 10 4.04 1.45
Na2O 2.71 2.31 2.72 2.97 2.20 2.69 3.24 3.39
K2O 3.62 1.45 1.34 2.45 2.97 0.3 4.14 5.29
P2O5 0.91 0.48 0.66 0.33 0.37 0.74 0.35 0.05
LOI 0.79 1.75 1.21 1.68 1.78 1.33 0.96 0.78
Total 99.82 98.29 100.44 99.31 98.24 100.08 100.54 99.21
Mg# 46.22 45.48 29.52 51.52 53.17 45.28 40.91 18.45
Trace elements in ppm
Cu 7 13 26 120 102 481 197 8
Ni 14 21 51 nd nd 157 78 12
Co 51 34 52 nd nd 76 31 42
Sc 10 15 20 nd nd 18 14 9
Zn 53 88 50 203 117 nd nd 67
Ga 22 23 14 19 19 20 23 21
Pb 2 2 4 nd 4 nd nd 5
Cr 25 18 160 nd nd 26 140 32
Th 11 2 1 13 11 1 16.77 16
Rb 99 37 9 75 134 10 214 117
U 2 0.3 0.3 nd 12 0.2 5 3
Sr 452 1113 171 901 352 579 388 398
Y 32 15 11 2 22 7 30 33
Zr 175 36 27 68 133 27 257 195
Nb 13 3 2 nd 8 3 21 13
Ba 389 239 35 nd nd 155 2497 526
V 75 142 114 nd nd 472 227 72
Hf 16 4 4 nd nd 1 6 23
Ta 3 1 4 nd nd 1 2 15
La 28 13 3 nd nd 10 93 29
Ce 84 36 9 nd nd 15 119 82
Pr nd nd nd nd nd nd nd nd
Nd 30 17 4 nd nd 10 50 32
Sm 3 2 1 nd nd 2 7 5
Eu 0.5 0.7 0.2 nd nd 0.9 2 0.7
Gd 2 1.8 0.7 nd nd 2 7 3
Tb nd nd nd nd nd nd nd nd
Dy 3 2 1.5 nd nd 1.6 6 4
Ho nd nd nd nd nd nd nd nd
Er nd nd nd nd nd nd nd nd
Tm nd nd nd nd nd nd nd nd
Yb 2 1 1 nd nd 1 3 3
Lu nd nd nd nd nd nd nd nd
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Table 2. (Continued)
Bundelkhand Granitoids
(data are after Mondal 1995)
Major element Sample no.
(wt.%) 123 206 234
SiO2 63.56 71.32 72.67
TiO2 0.55 0.21 0.18
Al2O3 16.13 14.25 13.69
Fe2O
(T)
3 4.96 1.92 1.72
MnO 0.09 0.03 0.03
MgO 1.53 0.47 0.23
CaO 4.26 0.66 0.99
Na2O 3.78 3.06 3.39
K2O 3.95 5.33 4.92
P2O5 0.31 0.04 0.02
LOI 0.68 0.97 0.81
Total 99.8 98.26 98.65
Mg# 28.34 24.25 14.88
Trace elements in ppm
Cu 6 193 234
Ni 12 47 47
Co 17 40 32
Sc 9 8 5
Zn 103 nd nd
Ga 23 29 27
Pb 5 nd nd
Cr 12 17 15
Th 5 24 36
Rb 47 292 285
U 1 5 5
Sr 872 119 88
Y 18 23 29
Zr 41 190 182
Nb 6 17 17
Ba 368 727 541
V 62 116 206
Hf 6 5 5
Ta 2 3 3
La 23 61 87
Ce 67 126 151
Pr nd nd nd
Nd 28 42 60
Sm 4 9 12
Eu 1 1 1
Gd 2 7 9
Tb nd nd nd
Dy 3 4 6
Ho nd nd nd
Er nd nd nd
Tm nd nd nd
Yb 2 2 3
Lu nd nd nd
LOI: loss of ignition.
nd: not determined
that form the basement for the older supracrustals
(consisting of quartzites, phyllites, mica schists,
banded hematite quartzites and agglomerates)
especially in the north, northwest and southern
part of the craton. Besides forming large outcrops,
the gneisses also occur as enclaves within the gran-
itoids of younger magmatic activities. The gneisses
which form the basement of Bastar craton yielded
a whole rock Rb-Sr and Pb-Pb isochron age of
∼ 3.0Ga (Sarkar G et al 1990; Sarkar A et al
1990). However, one gneissic sample of TTG like
characteristics occurring as enclave within gran-
itoid in Bastar craton has yielded Pb-Pb zircon
age of ∼ 3.5Ga (Sarkar G et al 1993). We have
made detailed field investigations in Bastar cra-
ton but have not observed any evidence like cross-
cutting or intrusive relationship of one gneiss into
the other to suggest two distinct generations of
gneisses. Besides, on the basis of geochemical data,
it has also been observed that the gneisses are coge-
netic and comagmatic and the differences in their
age are mainly due to different chronometers used
for dating the gneisses (Hussain et al 2004).
The Bundelkhand craton lies approximately
between 24◦30′N and 26◦N latitude and 27◦30′E
and 81◦E longitude and occupies an area of about
26, 000 km2 (figure 1). The gneisses of Bundelkhand
craton are trondhjemitic in nature, which intrude
into the older supracrustals consisting of amphibo-
lites, quartzites, banded magnetite quartzites and
schists. The gneisses are gray to pink, medium
to fine grained with occasional porphyroblasts of
feldspars (Sharma and Rahman 1995). The Bun-
delkhand gneisses are prominently exposed along
two linear belts of about one kilometer long and
500m wide along Mahoba-Charkari and Mahoba-
Kabrai roads and along Kabrai to Karera through
Kuraicha. Enclaves of these gneisses also occur
abundantly within the granitoids of later magmatic
events. The precursor magmatism of Bundelkhand
basement gneisses took place at ∼ 3.3Ga (Pb-Pb
zircon age data, Mondal et al 2002).
The granitoids of Bundelkhand massif are the
most voluminous rock suites of batholithic dimen-
sions. The granitoids have intruded into the older
supracrustals (consisting of BIF, metasediments,
mafic and ultramafic rocks) and into the gneisses.
The granitoids are almost undeformed and contain
xenolithic enclaves of older supracrustals and
gneisses. They are generally coarse to medium
grained and occasionally contain phenocrysts of
K-feldspars. The granitoid magmatism within the
Bundelkhand massif was followed by large-scale
mafic dyke emplacement events. Emplacement of
mafic-ultramafic bodies, rhyolites, pegmatites and
quartz veins followed the dyking events. The Pb-Pb
zircon age of the Bundelkhand granitoids (Mondal
et al 2002) suggests that the emplacement age of
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Table 3. Whole rock geochemical analyses for the gneisses of Bastar and Bundelkhand cratons.
Bundelkhand gneisses Bastar Gneisses (data are after
(data are after Sharma and Rahman 1995) Sarkar G et al 1993)
Major element Sample no. Sample no.
(wt.%) G-21 G-22 G-24 G-25 G-27 55 60 63
SiO2 70.69 70.01 69.94 69.45 69.96 69.27 68.70 69.01
TiO2 0.27 0.27 0.28 0.27 0.27 0.35 0.43 0.45
Al2O3 15.89 16.02 16.21 16.49 16.02 14.67 15.81 15.59
Fe2O
(T)
3 1.55 1.58 1.77 1.77 1.61 2.87 3.59 3.54
MnO 0.04 0.03 0.04 0.06 0.05 0.02 0.03 0.03
MgO 0.81 0.82 0.77 0.72 0.66 0.54 0.67 0.71
CaO 1.83 2.17 1.97 2.06 2.17 3.45 2.45 2.72
Na2O 5.62 5.67 5.87 6.08 5.55 3.97 4.38 4.43
K2O 2.71 2.71 2.46 2.51 2.75 2.78 2.79 2.26
P2O5 0.1 0.12 0.11 0.11 0.12 0.11 0.13 0.12
Total 99.51 99.4 99.42 99.52 99.16 98.03 98.98 98.86
Mg# 40.59 40.43 36.26 34.72 34.89 19.74 19.57 20.78
Trace elements in ppm
Cu NA 4 10 14 10 NA NA NA
Ni 2 1 1 NA NA NA
Co NA NA NA NA NA NA NA NA
Sc 1.4 1.5 2 2 2 NA NA NA
Zn 43 66 49 44 51 NA NA NA
Ga 19 18 20 19 18 NA NA NA
Pb NA NA NA NA NA NA NA NA
Cr 11 21 12 9 18 NA NA NA
Th 25 17 21 21 4 NA NA NA
Rb 107 86 117 195 153 NA NA NA
U 9 6 6 6 4 NA NA NA
Sr 647 910 722 759 653 NA NA NA
Y 10 13 10 10 11 NA NA NA
Zr 171 160 199 190 180 NA NA NA
Nb 14 10 13 11 10 NA NA NA
Ba 657 643 581 562 709 NA NA NA
V 15 15 15 14 13 NA NA NA
La 52 NA 59 NA NA 67 85 78
Ce 81 NA 87 NA NA 104 133 117
Pr NA NA NA NA NA 10 13 11.9
Nd 29 NA 33 NA NA 35 48 42
Sm 5.2 NA 6 NA NA 6.12 8.64 7.8
Eu 1.1 NA 1.2 NA NA 1.16 1.23 1.15
Gd 3 NA 3.4 NA NA 13.8 4.8 4.5
Tb NA NA NA NA NA 0.41 0.52 0.48
Dy 1.9 NA 2 NA NA 1.83 2.01 2.2
Ho NA NA NA NA NA 0.34 0.39 0.45
Er 0.9 NA 0.9 NA NA 0.98 0.89 0.94
Tm NA NA NA NA NA 0.11 0.12 0.12
Yb 0.8 NA 0.8 NA NA 0.74 0.64 0.62
Lu 0.11 NA 0.12 NA NA 0.12 0.08 0.08
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Table 3. (Continued)
Bastar Gneisses
Major element Sample no.
(wt.%) RB 13 RB 15 DK 29 GD 42
SiO2 74.59 70.13 69.92 70.19
TiO2 0.15 0.27 0.16 0.23
Al2O3 13.15 15.25 14.49 14.45
Fe2O
(T)
3 1.72 2.99 2.09 1.99
MnO 0.02 0.03 0.03 0.02
MgO 0.34 0.66 0.47 0.59
CaO 1.38 2.44 1.75 2.09
Na2O 3.39 4.62 5.62 4.83
K2O 4.32 2.73 1.32 2.02
P2O5 0.03 0.08 0.02 0.03
Total 99.09 99.2 95.87 96.44
Mg# 20.54 22.34 22.64 27.94
Trace elements in ppm
Cu 1 2 2 1
Ni 11 8 12 9
Co 51 5 44 34
Sc 2 4 6 3
Zn 29 42 45 47
Ga 14 18 24 18
Pb 27 96 28 28
Cr 13 288 12 7
Th 8 13 19 46
Rb 109 88 92 62
U 2 4 13 2
Sr 225 367 209 379
Y 13 20 31 14
Zr 179 351 310 427
Nb 9 10 27 10
Ba 1122 947 75 547
V 7 16 6 8
La 12.5 28.3 23.5 55
Ce 27.5 58.6 51.5 108
Pr 3.6 7 6.4 13
Nd 11.3 21.2 19.9 38
Sm 2.6 3.8 4.4 6.4
Eu 1.1 1 0.4 0.8
Gd 1.8 2.9 3.6 4.9
Tb 0.3 0.5 0.7 0.7
Dy 1.8 2.6 3.5 2.6
Ho 0.3 0.5 0.7 0.4
Er 1 1.5 2.1 1
Tm 0.2 0.3 0.4 0.1
Yb 1.1 1.8 2.4 0.8
Lu 0.2 0.3 0.4 0.1
NA: Not analysed.
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the granitoids is ∼ 2.5Ga. Thus, it appears that
the felsic magmatism of Bundelkhand craton is
almost synchronous with the late Archaean felsic
magmatism of Bastar craton.
4. Geochemical characteristics
4.1 Gneisses
The Bundelkhand gneisses have a restricted
range of SiO2 (69.45–70.69wt.%), Al2O3 (15.89–
16.49wt.%), MgO (0.66–0.82wt.%) CaO (1.83–
2.17wt.%) Na2O (5.55–6.08wt.%) and K2O
(2.46–2.75wt.%) (Sharma and Rahman 1995,
1996). The gneisses are poor in ferromagnesian
components (Fe2OT3 +MgO+TiO2 < 5wt.%). The
gneisses have low Y (10–13 ppm), Cr (9–21 ppm)
Nb (10–14 ppm) and high Sr contents (average
772 ppm) similar to Archaean high Al-TTG rocks
reported from different cratons around the globe
(Sharma and Rahman 1995, 1996).
The gneisses of Bastar craton are highly siliceous
(69.92 ≤ SiO2 ≤ 74.59wt.%) averaging 71.21wt.%.
The Al2O3 concentration (13.15 ≤ Al2O3 ≤
15.15wt.%) averages 14.34wt.%. For most of the
rock samples the Al2O3 contents are < 15wt.%
at SiO2 value of ≥ 70wt.%; which is a charac-
teristic feature of the low alumina trondhjemites
(Barker and Arth 1976). The molar alumina sat-
uration index (A/CNK) values of the Bastar
gneisses ranges from 1.02 to 1.21 and the gneisses
can be categorized as peraluminous. The gneisses
are poor in ferromagnesian components (Fe2O3 +
MgO + TiO2 = 3.19wt.%) and have low Mg#
[100 × Mg2+/(Mg2+ + Fe2+)] values averaging 21.
4.2 Granitoids
The granitoids of Bundelkhand massif have a large
variation in SiO2 contents ranging from 49.03 to
72.67wt.%. The granitoids have very high Al2O3
contents ranging from 13.69 to 18.26wt.%. The
total iron contents of the granitoids are also very
high reaching up to 9.53wt.%. Na2O and K2O
content of the Bundelkhand granitoids averages
around 3wt.% each. The granitoids have high Cr
and Ni contents ranging from 12 to 160 ppm and
12 to 157 ppm, respectively. All the granitoids
are metaluminous to peraluminous in nature with
molar A/CNK values ranging from 0.45 to 1.36.
The granitoids of Bastar craton have SiO2
values ranging from 65.59wt.% to 75.58wt.%.
The Al2O3 content of the Bastar granitoids
(12.45 ≤ Al2O3 ≤ 16.01wt.%) averages 14.25wt.%
and show peraluminous nature with the molar
A/CNK values ranging from 1.16 to 1.35. Bastar
granitoids have a relatively higher ferromagnesian
content (Fe2OT3 +MgO+TiO2 ranging from 1.27 to
6.02wt.%) and accordingly have relatively higher
Mg# averaging 45 compared to the gneisses with
average Mg# value of 21. The K/Rb values of
the granitoids ranges from 130 to 368, which are
broadly comparable to the commonly occurring
calc-alkaline suites (e.g. Bertrand et al 1984). The
values for Zr/Hf (26–52), Rb/Sr (< 1), Rb/Zr (0.2–
2.3) and Nb/Ta (1–13) of the Bastar granitoids are
in the range of plutonic rocks found in continental
magmatic arc (after Ayuso and Arth 1992). Almost
all the granitoids have high K2O values compared
to the Na2O values with K2O/Na2O ratio averag-
ing 1.2. This marks a secular change in the increase
of K2O content and a simultaneous decrease of the
Na2O content from Archaean to Proterozoic.
All the major elements of the gneisses and
granitoids when plotted against SiO2 on Harker’s
variation diagram (not shown here), exhibit over-
all negative trends against SiO2 except K2O which
shows positive correlation. Although the plots show
overall negative trends, the data exhibit consider-
able scattering. This may indicate the presence of
some sort of chemical heterogeneity (sub-groups)
within larger chemical groupings and it may partly
be due to alteration effects.
5. Petrogenesis
The gneisses of both the cratons of central Indian
Shield are characterized by highly fractionated
REE patterns (LaN/YbN = 43–50 for Bundelkhand
and 8–51 for Bastar craton) with concave upward
shape at HREE ends without any significant Eu
anomaly (figure 2a). The REE patterns of the gran-
itoids show flat trends with strong to insignificant
Eu anomalies (figure 2b). The patterns observed
in gneisses are similar to the typical high Al-TTG
suites reported from different Archaean cratons
around the world. Such fractionated elemental pat-
terns are generally interpreted by partial melting
of metamorphosed hydrated basalt, most likely in
a subduction environment. The strongly fraction-
ated REE patterns and HREE depletion suggest
that hornblende and/or garnet may be the resid-
ual phase in the source. Heavy-REE (Dy – Lu) and
Y are highly compatible in garnet and medium-
to heavy-REE (Gd – Lu) and Y are compatible
in amphibole. Such depleted patterns of middle-
and heavy-REE, thus point to their retention by
amphibole and garnet at the site of partial melt-
ing. The plots of the gneisses from both the cra-
tons on the Sr/Y vs. Y diagram suggest that the
precursor melts for the gneisses were generated by
partial melting of a source rock comprising 10%
garnet amphibolite restite (Drummond and Defant
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Figure 2(a). Chondrite normalized rare earth element patterns for the gneisses of Bastar and Bundelkhand cratons.
Normalizing values are from Sun and McDonough (1989).
Figure 2(b). Chondrite normalized rare earth element patterns for the granitoids of Bastar and Bundelkhand cratons.
Normalizing values are from Sun and McDonough (1989).
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Figure 3. Y vs. Sr/Y diagram for the gneisses and granitoids of Bastar and Bumdelkhand cratons. Curves are after
Drummond and Defant (1990). I and III are partial melting curves of an average mid-oceanic ridge basalt (MORB) and an
Archaean mafic composite (AMC) leaving an eclogite restite. II and IV are partial melting curves of MORB and the AMC
leaving a 10% garnet amphibolite restite.
1990) (figure 3). Since Y is compatible in gar-
net and hornblende, the presence of garnet and
amphibole in the residue, thus will deplete Y con-
tents in the melt. Furthermore, plagioclase con-
tains Sr (and Eu) and any melt produced in the
absence of residual plagioclase will be enriched in
Sr contents. Since melting of wet basalt at high
PH2O destabilizes plagioclase and stabilizes garnet
(Garrison and Davidson 2003), high Sr/Y ratio
implies partial melting of a basaltic source (eclog-
ite, amphibolite or garnet-amphibolite) in a high
PH2O environment where garnet is stable but pla-
gioclase is not stable. This corresponds to a sub-
duction zone environment. The primordial mantle
normalized multi-elemental patterns of the gneisses
from the Bundelkhand and Bastar cratons show
marked enrichment in the LILE simultaneously
with a lesser abundance of HFSE and strong neg-
ative anomalies at Ba, P and Ti (figure 4a). The
spidergram of the granitoids from both the cra-
tons also exhibit the similar patterns with LILE
(especially Rb, Ba, Th, U and K) enrichment com-
pared to HFSE (figure 4b). Among the HFSE, Ti is
strongly depleted and P and Nb relatively weakly
depleted with respect to the neighbouring elements
(figure 4b). Such multi-elemental patterns are typ-
ical of subduction zone magmatism (Peacock 1990;
Saunders et al 1991; Hawkesworth 1994). It is pro-
posed that due to very high geothermal gradient
during Archaean, the subducted slab did not dehy-
drate, but it got melted, leaving some refractory
residue. The role of refractory phases like apatite,
rutile, titanite, ilmanite becomes significant as they
contain the HFSE especially P and Ti and hence
their presence in the residue will deplete the melt
in the HFSE and yield a corresponding enrichment
of the LILE.
The signatures of subduction zone magmatism
were further revealed in the tectonic discrimina-
tion diagrams especially in the Rb vs. (Y + Nb)
and Nb vs. Y diagram of Pearce et al (1984) (fig-
ure 5). Majority of the samples of the gneisses
and granitoids of Bastar and Bundelkhand cra-
tons plot within the volcanic arc granite field.
However, a few samples plot on the within-plate
field. Therefore, on the basis of the above obser-
vations exhibited by the Archaean gneisses and
Proterozoic granitoids from both the cratons, it is
proposed that the Archaean and Proterozoic fel-
sic magmatic rock suites from both the terrains
were emplaced in temporally separate subduction
zone environments in the Archaean and Protero-
zoic, respectively. However, as subduction ceased,
both the cratonic blocks experienced lithospheric
extension and rifting during Proterozoic resulting
in rift related within plate felsic magmatism and
mafic magmatism in the form of mafic dykes and
dyke swarms. These rifts later widened and sedi-
mentation started in the Bastar craton. This infer-
ence is corroborated by occurrences of inter-layered
sedimentary rocks varying in composition from
immature arkose to the mature orthoquartzites
(Neogi et al 1996) in the Bastar craton. The rift-
ing/extensional regime in the Bundelkhand region
was not protracted and as a result no such rifted
basins were developed in the Bundelkhand craton
(Mondal and Ahmad 2001).
6. Tectonic setting
It is generally agreed that the Archaean gneisses
of TTG characteristics are generated by par-
tial melting of hydrated basalt in a subduction
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Figure 4(a). Primordial mantle normalized multi-elemental patterns for the gneisses of Bastar and Bundelkhand cratons.
Normalizing values are from Sun and McDonough (1989).
Figure 4(b). Primordial mantle normalized multi-elemental patterns for the granitoids of Bastar and Bundelkhand cratons.
Normalizing values are from Sun and McDonough (1989).
zone environment. However, the mode of subduc-
tion has remained highly debatable (Martin 1986;
Smithies 2000; Moyen et al 2003; Smithies et al
2003). Some workers believe that TTG are pro-
duced by melting of subducted basaltic oceanic
crust during Archaean because of the high geother-
mal gradient (Martin 1986, 1994; Condie 1989;
Martin and Moyen 2002; Moyen et al 2003). Others
opine that TTG are generated by the melting of
basaltic material previously either under-plated at
the base of a thickened continental crust through
magmatic processes (Atherton and Petford 1993;
Rudnick 1995) or under-thrusted during flat sub-
duction (Smithies and Champion 2000; Smithies
2000; Smithies et al 2003). The main differences
among the ideas are based on whether or not the
melts derived from the subducted slab interacted
with the mantle wedge. Taking into account the ele-
ments that are abundant in the mantle wedge and
can readily assimilate with the melt from the slab,
Martin and Moyen (2002) have observed a secu-
lar change in the concentration of these elements
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Figure 5. (A) Rb vs. Y+Nb and (B) Nb vs. Y tectonic discriminant diagram for the gneisses and granitoids of Bastar
craton. Fields: VAG: volcanic arc granite, Syn-COLG: syn-collisional granite, WPG: within-plate granite, ORG: ocean
ridge granite are after Pearce et al (1984).
from Archaean to Proterozoic. They have noticed
a gradual increase in the Mg# (45 to 65), Sr (550
to 1200 ppm), Ni (30 to 70 ppm) and Cr (50 to
200 ppm) contents over time from early Archaean
to Paleo-Proterozoic. They have explained the
gradual variation in terms of the gradual decline
in geothermal gradient vis-a`-vis gradual increase in
the depths of melting resulting in increase in melt-
mantle interaction. The felsic magmatism of the
central Indian Shield complies with such an evo-
lutionary trend. The gneisses of Bundelkhand and
Bastar cratons are characterized by average val-
ues of Mg#, 33 and 21; Ni, 2 and 10 ppm; Cr 14
and 11 ppm; Sr, 772 and 295 ppm respectively. The
corresponding average values of granitoids of Bun-
delkhand and Bastar cratons are Mg#, 36 and 21;
Ni, 49 and 22 ppm; Cr, 49 and 276 ppm; Sr, 452
and 305 ppm.
The low values of Mg#, Cr, Ni and Sr in
the gneisses suggest that the precursor slab melts
for the gneisses of the central Indian Shield tra-
versed through a very thin mantle wedge mini-
mizing the chances of interaction with it. It is
now widely believed that the Archaean oceanic
crust was much thicker (∼ 15 to 45 km: Bickle
1986; Abbott et al 1994; Ohta et al 1996) warmer
and buoyant than modern oceanic crust (∼ 7 km)
and even thicker than most modern oceanic
plateau crust (15–20 km: Gutscher et al 2000b).
At the present day convergent margins, oceanic
plateau crust is obducted or tectonically under-
plated into the lithosphere rather than getting sub-
ducted (Tarney 1992). Thus, a thicker and buoyant
Archaean oceanic crust would have resisted sub-
duction (Abbott and Hoffman 1984; Bickle 1986;
Abbott et al 1994) and if subducted at all it would
have subducted at a very low angle. The slab melts
from the modern flat subduction (low angle) zones
produce rocks with high SiO2, Na and LILE (called
adakites), which are variously defined as an ana-
logue of Archaean TTG. It has been noted that
80% of magmatism from modern flat subductions
yield adakites. The geochemical uniformity of the
adakites with the Archaean TTG suggests anal-
ogous subduction environment during Archaean
(Drummond and Defant 1990; Drummond et al
1996; Martin 1999). Smithies and Champion (2000)
had invoked a low angle subduction (flat subduc-
tion) to explain the tectonic framework of the gen-
esis of Archaean TTG suites from Pilbara craton,
western Australia. Abbott and Hoffman (1984),
Abbott (1991), Tarney and Jones (1994) have also
advocated that flat subduction was a significant
mode of Archaean subduction that have gener-
ated the TTG melts. In this study we also con-
tend that the precursor melts for the gneisses of
the central Indian Shield were generated due to
melting of a flat subducted oceanic crust and the
melts have ascended without interacting the man-
tle wedge (figure 6).
The slab melts during late Archaean to Paleo-
Proterozoic ascended through a peridotite man-
tle wedge, and this is demonstrated by gradual
increase in Mg#, Cr, Ni and decrease in SiO2 con-
tents (Rapp et al 1999). Such high values of Mg#,
Cr, Ni and high LILE can be obtained from a
subduction modified source also. The huge volume
of granitoid magmatism (of batholithic dimension)
within the central Indian Shield appears contrary
to the subduction-modified source as a thin slice
of Archaean mantle wedge metasomatized during
earlier cycle(s) of subduction cannot feed such a
712 M F Hussain, M E A Mondal and T Ahmad
Figure 6. Schematic representation of possible tectonic models for central Indian felsic magmatism.
huge volume of granite magmatism. This demands
an independent event of subduction during
Proterozoic.
The granitoids of the central Indian Shield have
relatively high values of Mg#, Cr, Ni and lower
values of SiO2. To accommodate the observed geo-
chemical characteristics it is proposed that the
granitic melts were produced in a high angle sub-
duction environment. The melts generated might
have interacted with the mantle wedge (figure 6).
7. Conclusions
It is proposed that the precursor magma for the
TTG gneisses of central Indian shield were gener-
ated as a result of flat subduction of oceanic crust
in the Archaean. The magma thus generated did
not interact much with the mantle wedge. In con-
trast, during late Archaean to Paleo-Proterozoic,
the style of subduction changed from flat to high
angle and the magma generated traversed through
mantle wedge. Thus the granitoids were formed
in response to high angle subduction. It can thus
be inferred that the tectonic scenario over the
central Indian Shield might have changed from a
flat low angle subduction during Archaean to a
modern type subduction in the Proterozoic. As
the subduction ceased, the lithosphere experienced
extensional tectonics and as a result mafic dykes
were emplaced (Srivastava et al 1996). Granitoids
emplaced in this tectonic environment have within-
plate geochemical signatures. Continued rifting
within the Bastar craton led to the development of
rift basins and subsequent depositions of younger
supracrustals.
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